Phosphate-solubilizing bacteria (PSB) have been isolated and used in agricultural production. However, 18 comprehensive research on PSB colonizing the rhizosphere of different plants and promoting plant 19 growth is lacking. This study was conducted to study the growth-promoting effects and colonizing 20 capacity of the PSB strain YL6. The YL6 strain not only increased the biomass of pot-planted soybean 21 and wheat but also increased the yield and growth of Chinese cabbage under field conditions. The 22 promotion of growth in these crops by strain YL6 was related to its capacities to dissolve inorganic and 23 organic phosphorus and to produce a certain amount of indole-3-acetic (IAA) and gibberellin (GA). After 2 24 YL6 was applied to soybean, wheat and Chinese cabbage, the rhizosphere soil available phosphorus 25 (available P) content increased by 120.16%, 62.47% and 7.21%, respectively, and the plant total 26 phosphorus increased by 198.60%, 6.20% and 78.89%, respectively, compared with those of plants 27 without the addition of YL6. To determine whether the phosphate solubilizing bacteria colonized these 28 plants, YL6 labeled with green fluorescent protein (YL6-GFP) was inoculated into plant rhizospheres.
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was repeated 3 times. The soil absolute water contents were maintained at 20-22%. At the tillering stage, 135 36 wheat plants growing identically were randomly selected from 3 pots of each treatment.
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The height, root length, root fresh and dry weights, shoot fresh and dry weights and total fresh and dry 137 plant biomass of different treatments were measured directly. The same methods as in the previous 138 experiment were used to determine soil available P, plant phosphorus and the number of phosphate-139 solubilizing rhizosphere bacteria.
140
Field experiment for Chinese cabbage 141 Seeds of Chinese cabbage (Shanghaiqing) were from storage in our laboratory. From August 29 to 142 October 10, 2016, the experiment was conducted at the Yangling Experiment Farm of Northwest A&F 143 University (34.30° N, 108.08° E). The soil was calcareous soil that was kept idle over many years. The 144 three treatments were the following: (1) YL6 (1500 ml of 2.8×10 8 cfu/ml YL6 agent added at cabbage 145 seedling emergence), (2) M (Pure medium with no strains added at the same time as the YL6 treatment), 146 and (3) CK (the control without any treatments). The experimental fields were divided into 15 identical 147 plots (2 m×2 m). The design was a randomized block with three replicates. In the growing season of 148 Chinese cabbage, the experimental farmland was managed scientifically. Then, we sampled ripe 149 vegetables randomly with the same growth condition for further analysis. Root fresh and dry weights, 150 shoot fresh and dry weights and total fresh and dry plant biomass of different treatments were measured 151 directly. To measure the quality of Chinese cabbage, vitamin C was determined by the molybdenum blue 152 colorimetric method, cellulose and soluble sugar were determined by the anthrone colorimetric method, 153 soluble protein was determined by the Coomassie blue staining method, and nitrate nitrogen content was 154 measured by nitration of salicylic acid colorimetry [32] .
155

YL6 colonization on root surfaces of soybean, wheat and Chinese cabbage
156 seedlings 157 GFP-labeled YL6 was constructed in our laboratory, and the stability was tested [9]. Soybean, wheat and 158 Chinese cabbage were cultured by the sandy culture method. The sand (passed through a 24 mesh sieve) 159 was washed clean with tap water and sterilized at 120 °C in an oven for 48 h. Then, 1 kg of sterilized 160 sand was put into individual boxes (195 mm×146 mm×65 mm). Tap water was added to the pot to 161 maintain absolutely the water content range within 8-12%. The seeds of soybean, wheat and Chinese 7 162 cabbage were sterilized with 10 mL of 2% NaClO (13% active Clcontent) for 10 min. Then, the seeds 163 were rinsed 5 times with sterile water. The aseptic seeds were soaked in warm water for 30 min, and 164 those that floated up on the surface of the water were removed. The remaining seeds were evenly sown 165 on three stacked wet filter papers in culture dishes. The culture dishes were incubated at 28 °C in the 166 darkness in an incubator for 2 days. Water was added every 8 h to keep filter papers wet. After (Table 1) . First, YL6 was inoculated into organic phosphorus liquid medium to 185 determine the activity of acid phosphatase, alkaline phosphatase and neutral phosphatase and the 186 accumulation of available P at the different culture times. When the activities of these phosphatases were 187 the highest, the content of available P in the medium was also the highest. Thus, the concentration of 188 available P increased to 152.253 μg/ml at 48 h of culture. Additionally, YL6 secreted oxalic, malonic 8 189 and succinic acids to increase available P in the inorganic phosphorus liquid medium (Table 1) .
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Furthermore, other growth-promoting substances were also detected. For example, the concentrations of 191 IAA and GA increased to 29.503 and 30.615 mg/L, respectively, at 24 h of incubation (Table 1) . These 192 results indicated that the YL6 strain had strong capacities to dissolve different forms of phosphorus into 193 available P for plants. (Table 4 ). Based on these results, the PSB YL6 strain significantly improved 214 the growth of the different crops. with liquid medium without the strain; YL6, treatment with the YL6 agent. Table 5 ). The increase in PSB strains generated more available P in soil (Table 6) . For 231 example, the soil available P content in the YL6 group was 120.16% higher than that in the CK group in 232 the soybean pot experiment. The increase in available soil P was easily utilized by the plants, which led 233 to an increase in the total P contents of soybean, wheat and Chinese cabbage ( Table 7 ). The total P 234 contents of soybean, wheat and Chinese cabbage in the YL6 group were 198.60, 6.20 and 78.89% higher 235 than those in the CK groups, respectively. These results indicated that the YL6 strain similarly promoted 236 the growth of different crops by increasing available soil P for plants. 
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Root colonization of the different crops by YL6
241
In addition to testing the capacities of the PSB to promote the growth of crops, the colonization by a
242
GFP-labeled strain of PSB, YL6-GFP, was examined. Under fluorescence microscopy, the YL6-GFP 243 strain was detected only at root hairs of the three crops three days after inoculation, suggesting that YL6-
244
GFP first attached to root hair surfaces of the crops and then penetrated into the root hairs ( Fig 4A and 
245
4C; Fig 5A and 5C; Fig 6A and 6C ). Many fluorescent points were observed in the intercellular spaces 246 of the root cortex of soybean on the sixth day after inoculation (Fig 4E and 4G ). YL6-GFP was also 247 distributed in the intercellular spaces of and even inside epidermal cells (Fig 5E, 5G, and 5I ). Additionally,
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this strain colonized on the surfaces of epidermal cells of Chinese cabbage ( Fig 6G) . Finally, the YL6-
249
GFP strain appeared in the vessels of these plants, because the green fluorescent strain was detected in 250 the vessels of branch roots, roots and different samples of soybean, wheat and Chinese cabbage on the 251 ninth day after inoculation ( Fig 4I and K; Fig 5K; Fig 6I and K) . These results suggested that the YL6-
252
GFP colonized the different plants through a similar process: attaching first to the root hair, then 253 penetrating into the vessels and finally expanding into the other organs. 
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In this study, the capacities of Bacillus cereus YL6 strain to dissolve inorganic and organic P were The pot experiments with soybean and wheat were conducted to determine the influences of YL6 on 288 the growth of soybean and wheat. The numbers of PSB in rhizosphere soils of soybean and wheat 289 increased after the addition of the YL6 strain. Therefore, PSB successfully penetrated into soil and then 290 increased soil available P content for crop absorption. Thus, the plant total P, biomass and bean pods of 291 soybean treated with the YL6 strain were obviously higher than those in the other treatments. In the 292 wheat pot experiment, the content of plant total P and plant biomass with YL6 were also obviously higher 293 than those of the groups without the YL6 strain.
294
The positive results of the above pot experiments resulted in determining the effects of YL6 under field 295 conditions. Thus, YL6 was applied under field conditions to study the effects of the different treatments 296 on the biomass and quality of Chinese cabbage. The number of soil PSB in the YL6 treatment was 297 significantly higher than that in the other two groups in field conditions, which demonstrated that YL6 298 could survive in soil. Survival and colonization capacity of YL6 when inoculated in soil are the 299 prerequisites for this PSB to play an important role in the environment and are the key factors to exert 300 its phosphate-solubilizing capacities and help plants grow. With more of these bacteria in the soil, the 301 conditions are more favorable for plant growth [45] . The YL6 strain also improved the growth of Chinese 302 cabbage in field conditions.
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PSB primarily rely on the ability to transform insoluble P in the soil into available P [46-48]. YL6
304
inoculation increased the available P in soil. Chinese cabbage could directly absorb and utilize this soil 305 available P to promote plant growth and total P accumulation. Therefore, YL6 inoculation markedly 306 improved growth parameters such as root and shoot dry biomass, yield and total P uptake in
